[image: image1.png]Intensity (a.u.)

SAXS GrA/DOPC

Molar Ratio
Gr-A/DOPC

0.00




[image: image2.png]Intensity (a.u.)

0.

SAXS GrAIDMPC

Molar Ratio

Gr-A/DMPC
o 0.00
J\J\ ANG 0.02

0.04
— 007
——— 040
"_v/\‘-: e S et Aan W A - 0 " 25
rrfrrrrJrrrrrrrri T 511 I | T
0 : 2




[image: image3.png]*'P.NMR GrA/DMPC

Molar Ratio
Gr-A/DMPC
000

e

e 0.10
J —— 0.25

60 40 0 -20 -40 -60

20
Frequency (ppm



[image: image4.png]*'P.NMR GrA/DOPC

Molar Ratio
Gr-A/DOPC

0.00

0.10

I |
60 40 -20 -40 -60

20 0
Frequency (ppm)



[image: image5.png]~J
o

o
o

¢
o

D
o

or
o

Surface Tension (mMN/m)

N
o

L 90 1 w74 00 b oo b oo by

Adscl)lfption of lipid vesicles in absence and|_
presence of SP-B/-C

15 20
Time (min)



[image: image6.png]Surface Tension (mMN/m)

Adsorption of N&PL vesicles to prespread films

70 - -
60 - :_
207 :
- N&PL :
40 - = ge) o T
- - CLSE -
%0 : S“D -] ] :
20 - I [ | [ I | l I ' l -
20 40 60 80 100

Time (min)



[image: image7.png]o0
o

o
o

Surface Tension (mMN/m)

20 - GrA/DMPC Molar Ratio |

|I|I//.I|...I|
GI‘AIDMPC.

ML‘&

40 -

0.000 O 0.100
0.020 A 0.200
0.033 O 0.333

Y, 0.067
L DL W/ i | | i i 1 | | i T T ] | 1 1 T
0 9 18 100 150 200
Tlme (min)

¢HD>O




[image: image8.png]GrAIDOPC |

-
—eo4
|

o . . SA—

GrA/DOPC Molar Ratio L

® 0.000 O 0.040
A 0.020 A 0.067
H 0.025 O 0.100
¢ 0.033

/ /
[ 7/ 1T T 1 1 T 1 L L L B N |

3 . 50 100 150 200
Time (min)



[image: image9.png]Surface Tension (mMN/m)
W e N o ~ (o)
o o o o o o

N
o

GrA/DMPC

Time (mMin)

- nmoles GrA B

- O 0.00 N

] A 40 I

_ O 102 ~

- O 255 -

- rrtrrrrJ]rrr.r.1rrrrr1rro0 o111 -
20 40 60 380 100




[image: image10.png]Surface Tension (mMN/m)

~J
o

o
o

¢
o

D
o

or
o

N
o

Time (min)

GrA/DOPC :
ot nmoles GrA/m’ .
' © 0.00 -
- A 20 -
- O 40 -
i & 102 -
- 0 ) B
B T L

LI N I L L L L L L T [N N NN DN DL NN BN DN N DL R B L

0 20 40 60 80 100



[image: image11.wmf]
[image: image12.wmf]
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ABSTRACT


To determine the molecular mechanism by which the hydrophobic surfactant proteins SP-B and -C promote the adsorption of phospholipid vesicles to an air/water interface, we used different physicochemical methods to study simple model systems containing the hydrophobic peptide gramicidin A (Gr-A) with either dimyristoyl phosphatidylcholine (DMPC) or dioleoyl phosphatidylcholine (DOPC). The adsorption kinetics at 37°C were followed by measuring surface tension with a Wilhelmy plate. The effects of Gr-A and SP-B/SP-C on lipid vesicle adsorption were similar. The lipid-protein mixtures produced comparable adsorption isotherms inducing a late acceleration of the fall in surface tension. The proteins accelerated adsorption when restricted to a preexisting film as well as in the vesicles. We then used 31P-NMR and SAXS to measure the effect of Gr-A on lipid structure. For DOPC, both NMR and SAXS indicated that Gr-A induced a transition from lamellar to hexagonal structure. Although both methods provided no evidence for the hexagonal phase for DMPC, 31P-NMR line shapes and SAXS profiles indicated that Gr-A significantly reduced the orientational and positional order parameters, respectively, for both phospholipids. These results suggest that hydrophobic peptides may accelerate adsorption by lowering the energy of tightly curved structures intermediate between vesicles and monolayer by two mechanisms. They can induce appropriate curvature in the lipid lamella, as occurs with Gr-A/DOPC, or, as with Gr-A/DMPC, they can reduce order parameters and enhance the membrane's flexibility.





INTRODUCTION


PULMONARY SURFACTANT IN THE RESPIRATORY PROCESS


Rapid adsorption 


essential for surfactant function.


Hydrophobic surfactant proteins (SP-B/-C)


essential for rapid adsorption


QUESTION ADDRESSED HERE


How do SP-B/-C promote adsorption?





BACKGROUND INFORMATION




















Effects of SP-B/-C are independent of location:


promote adsorption equally when located in  vesicle or in monolayer.


This suggests a rate-limiting structure that is equally accessible from both locations.


Model


Currently available evidence supports:


SP-B/-C promote adsorption by stabilizing a tightly curved rate limiting intermediate structure.


Two mechanisms for promoting tightly curved structure


lower energies of bending


disruption of bilayer lipid order 


appropriate innate curvature 


induction of hexagonal (HII) 


HYPOTHESIS


Any protein causing structural changes similar to SP-B/-C will have similar effects on adsorption.


	1. Proteins disrupting lipid order will mimic SP-B/-C


	2. Proteins promoting HII will mimic SP-B/-C.


EXPERIMENTAL APPROACH


Gramicidin A (GrA) produces different structural changes with different lipids.


Which GrA/lipid mixture adsorbs like lung surfactant?


MATERIALS


Calf Lung Surfactant Extract (CLSE)= calf surfactant purified by Bligh-Dyer extraction


Neutral & Phospholipids (N & PL) = lipids in CLSE separated from proteins by gel permeation chromatography


Gramicidin A, an antibacterial pentadecapeptide


Dimyristoyl Phosphatidylcholine (DMPC)


Dioleoyl Phosphatidylcholine (DOPC)


METHODS


Measurements of Adsorption:


Surface tension monitored with a Wilhelmy plate


Microstructure of GrA/lipid dispersions:


Small angle X-ray scattering (SAXS).


31P-nuclear magnetic resonance (31P-NMR).











RESULTS





                       STRUCTURE 			                                ADSORPTION





      STRUCTURAL INFORMATION FROM SAXS DATA


d-spacing of diffraction peaks distinguish HII from lamellar structures


Lamellar ( d-spacing ratio 1 : 2


HII( d-spacing ratio 1: (3


Anisotropy and heterogeneity ( decrease of peak intensities





STRUCTURAL INFORMATION FROM 31P NMR DATA


Proton decoupled 31P-NMR profiles distinguish HII from lamellar structures


Lamellar ( Axially symmetric with low-field shoulder and 


       high-field peak.


HII( Reverse assyemtry with low-field peak and high filed shoulder


                     and reduction of chemical shift anisotropy to half.








  





CONCLUSIONS





Hydrophobic proteins/peptides could promote adsorption either by


disruption of bilayer lipid order and production of more flexible structures with lower bending energy. 


Induction of HII phase and alteration in the radius of curvature with lower bending energy.


Effect of Gramicidin A on DOPC fits with the model that SP-B/-C stabilize a tightly curved HII intermediate structure.





SAXS	
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31P-NMR





lamellar structure in all cases


 reduction in positional order parameter








lamellar structure with pure DOPC


 HII structure at increasing GrA content





Lamellar structure in all cases


decreased orientational order parameter





Lamellar structure in pure DOPC


HII structure in presence of GrA








CALF LUNG SURFACTANT
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GrA produces different structural effects with different phospholipids:





GrA:DMPC ( disorder structure��GrA:DOPC ( HII structure








1. Acceleration of initial adsorption


2. Late stage acceleration


      - qualitative difference


      - step doesn't occur in 


          absence of proteins


       -quantitative difference





When restricted to the interface still accelerate adsorption of pulmonary surfactant lipids.








GrA-LIPID VESICLES





With DMPC and DOPC


1. Acceleration of initial adsorption


	               -quantitative difference


	2. Late stage acceleration


               - qualitative difference


	               - step doesn't occur in absence of GrA








GrA IN PRESPREAD LIPID MONOLAYERS





No effect on adsorption








Accelerate adsorption





Only GrA/lipid model system, which produces HII structure, replicates the effects of surfactant proteins.
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Adsorption of Vesicle





Intermediate structure








